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RESEARCH MEMORANDUM

EFFECT OF WING SLATS AND INBOARD WING FENCES
ON THE LONGITUDINAL STABILITY CHARACTERISTICS OF THE
DOUGLAS D~558-II RESEARCH ATRPLANE IN ACCELERATED
MANEUVERS AT SUBSONIC AND TRANSONIC SPEEDS

By Jack PFischel
SUMMARY

Previous flight tests of the Douglas D-558-I1 research alrplane
indicated an instability and "pitch-up" in accelerated longitudinal
maneuvers which is a characteristic of swept-wing airplanes at sub-
sonic and transonic speeds. In an attempt to alleviate this instabil-
ity, the airplsne was tested with the wing slats Tully extended, with
and without inboard wing fences, and with the wing slats half extended
and wing fences removed. Also, in order to ilmprove the stick-force
characteristics at moderate end large angles of attack, additlional tests
were conducted with two bungees of differing stiffness sliternately
aettached to the control columm. These tests were performed at Mach num-
bers up to about 1.0, and et altitudes bebtween 10,000 and 35,000 feet.

Opening the wing slats to the fully extended position improved the
stability chareacteristics of the alrplasne by alleviating pitch-up at
Mach nunbers below approximstely 0.8; however, at Mach numbers of 0.80
and 0.85 the severity of the pitch-up remained unsltered. At Mach mum-
bers of about 0.98 and 1.00, maneuvers performed up to relatively high
values of normal-force coefficient with slats fully extended exhibited
no evidence of pitch-up; however, this effect has slnce been dupllcated
with the clean-wing configuration (no fences , slats retracted) .

Removing the wing fences from the ailrplane conflguration with slats
fully extended caused the reduction in stick-fixed stebllity to become
more pronounced and, generally, to occur at spproximately the same or
8lightly lower values of normal-force coefficlent.

With wing slists half extended and no wing fences, the airplane
exhibited instability characteristics and pitch-up similar to that
exhibited by the airplane with slats retracted and with wing fences.
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With slats fully extended and wing fences removed, use of a bungee
in the control system to alleviate or eliminate the stlck-free instability
caused the airplane to gppear more controllable to the pilot and caused
the decreasse in stick-fixed stabllity to become less apparent and less
obJjectionsble.

In general, the pilots' opinions corroborated the aforementioned
statements in that the airplane was generally controllable with fully
extended slate and was uncontrollsble with half-extended slats. In
any configuration, when pltch-up was experienced, the behavior was
extremely undesirable and would prevent precision flight.

INTRCDUCTION

The use of sweptback wings on aircraft hasg introduced a problem
pertalning to longlitudinal stability and control. The problem manifests
1tself by =& sizable decrease in the stabllity as the airplane angle of
attack increases, and by an uncontrolled pitching of the airplane to
large angles of attack (refs. 1 to k).

In order to alleviate this problem, and thereby enable the swept-
wing airplane to be usable throughout the range of normal-force coeffi-
cient and Mach number of which it-is cepable, as well as to avoid the
danger of exceeding airplsne structurasl-limits, the National Advisory
Committee for Aeronsutics 1s investlgating in flight verious modifice-
tions to the Douglas D-558-I1 swept—wing research ailrplane. The effects
of outbosrd wing fences on the alrplane longitudinal stability character-
istics were previously investigsted and were reported (ref. 2) to pro-
vide only a slight improvement in stability over the original airplane
configuration. As an extension of that investigation, as well as to
obtain slat loads on & swept-wing sirplane, the sirplane was tested
with the leading-edge wing slsts locked open in the fully extended posiw
tion and also in the helf=extended positlon. Data were cbtained during
accelerated longitudinal maneuvers up to high values of normal-force
coefficient and at speeds up to a Mach number of spproximately 1.0. The
slat-load dats obtalined during the course of this investigation are pre-
sented 1n reference 5, whereas the longitudinal stebility data are pre-
sented herein. From these data, a normal-force-coefficient—Mach number
boundary for the occurrence of the decay in stick-fixed and/or stick-
free stability was determined for each airplane configuration and is
compgred with a similar stick-fixed stability boundary for the original
airplane configuration. The effects on stability of removing the
inboard wing fence, included on the sirplane in the original configura-
tion, were slso determined with the slats fully extended. In addition,
because of the adverse effect of a stick-free instability on the handling
qualities and pilots' opinion of the eirplane, the effects of adding a
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zoft" and 2 "stiff" bungee to the longitudinal control coluwmn in order
to ilmprove the stick-free stability were determined with the slats fully
extended and inboard wing fences removed.
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SYMBOLS

wing span, £t

airplane normal-force coefficient, nW/qS
wing chord, ft

wing mean aerodynamic chord, £t

elevator control force, 1b

acceleration due to gravity, ft/sec?
pressure eltitude, £t

stabllizer setting with respect to fuselage center line,
positive when leading edge of stebilizer 1s up, deg

free-stream Mach number

normal acceleration, g units

free-stream dynamic pressure, 1b/sq ft

wing ares, sq It

time, sec

calibrated airspeed, mph

airplene weight, 1b

angle of attack of airplane center line, deg
elevator deflection with respect to stebilizer, deg

elevator deflection corrected to zero pliching
accelerstion, deg

pitching velocity, radians/sec

pitching acceleration, radians/sec®
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ATRPLANE

The Douglas D-558-II airplanes have sweptback wing and tail surfaces
and were designed for combinstion turbojet and rocket power. The air-
plane used in the present investigation (Bu.ero No. 37975 or NACA 145)
is equipped with & Westinghouse J-34-WE-4O turbojet engine, which exhausts
out of the bottom of the fuselsge between the wing and tail, and with a
Reaction Motors, Inc. LR8-EM-6 rocket engine, which exhausts out of the
rear of the fuselage. The airplane is air-lsvnched from a Boeing B~29
mother airpleane. A photograph of the alrplane is shown as figure 1 and
8 three-view drawing is shown as figure 2. Pertinent alrplane dimen-~
sions and characteristics are listed 1n table I.

The wing slats, which extended from O.43h4 semigpan to the wing tips,
may be normally free floating or locked in either the open or closed
position. When in the unlocked free-floating condition, the slats are
normally closed at low values of angle of attack or normal-force coeffi-
cient and open with increase in angle of attack. At Mach numbers below
approximately 0.T72, the slats opened for values of o« above approxi-
mately 3° to 5° (unpublished data); at Mach numbers in excess of 0.72
and up to approximstely 0.98, the data of reference 5 indicate that the
slats would also tend to open with increase in «, starting at moderate
values of o or CNA‘ For the Investigation reported herein, the wing

slats were locked open in_either the fully extended or half-extended
position. Wing fences located at 0.36 semispan, incorporeted in the
original airplane configuration to improve the longitudinal stability
characteristics of the airplane at high sngles of attack (a > 10°) when
the wing slats were fully extended (ref. 6), were removed from the air-
plane for a part of the ilnvestigation reported herein. Figures 3 to 6
illustrate the wing slat and fence configurations investigated.

The slrplane is equipped with en edjustable stabilizer. No aero-
dynamic balance or control-force booster system is used on the elevator.
Hydraulic dampers are installed on all the control surfaces to aid in
the prevention of control-surface "buzz."

For a part of the investigation reported herein, two different
bungees were included in the longitudinal control system to increase
the pull forces at up-elevator deflections sbove sbout 8° (under no-
load conditions) and were slack at smaller up-elevator deflections.
The position of the control column at which the bungee commenced
stretching was indicated by a control-position transmitter attached to
the control column. The bungees provided stick forces of approximately
6 pounds and 22 pounds per inch of control-wheel movement, which roughly
corresponded to sbout 2 pounds and 8 pounds per degree of elevator
deflection, respectively, depending on the aerodynamic elevator losd
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and control-system deflectlon. Because of stretch in the contrel system
under flight conditions, the bungees employed Increased the control
forces commencing at up-elevator deflections somewhst less than 8° »
depending on the aercdynamlic elevator loed, as will be shown in the data
flgures.

INSTRUMENTATION

Standard NACA recording Instruments were installed in the sirplene
to measure the Pollowing quantitles which were pertinent to this
investigation:

Airspeed

Altitude

Elevator wheel force

Normal acceleration

Pitching velocity

Pitching accelerstion

Angle of attack

Stabilizer and elevator positions

Control-column position (included during tests with bungee)

Al]l of the instruments were synchronized by means of a common timer.

The elevator position was measured gt the inboard end of the control
surface, and the stablilizer position was measured at the plane of sym-
metry. All control positions were measured perpendicular to the control
hinge line.

An NACA high-speed pitot-static tube (type A-6 of ref. T7) was mounted
on a boom l% feet forward of the nose of the sirplane. The vane used to

measure the angle of attack was mounted on the same boom gbout 3% feet

forward of the nose of the alrplane. The angle-of-attack data have not
been corrected for the effects of upwash ahead of the nose of the air-
plane nor for the effects of airplane piitching veloclty. The mexinum
error attributable to the effects of pltching velocity was of the order
of 1.2° (o'bta.ined during & piltch-up with the slats half extended). The
airspeed system was calibrated up to M = 0.80 by the "fly-by" method
and at speeds Iin excess of M = 0.80 by the NACA rader phototheodolite
method (ref. 8).
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TESTS, RESULTS, AND DISCUSSION

The longitudinal stability characteristics of the D-558-I1 airplane
were determined in burning flight, with flaps and landing gear up, for
a renge of Mach numbers from sbout 0.4 to 1.0 and for. the operating con-
ditions shown for each configuration in the following table:

Configuration Center-of-gravity
S:::iii;gr location, percent Altitude
Slat Inboard 1 de, mean aerodynamic range, £t
position |wing fences ts g chord
Fully On 1.6 to 2.3% 25.4 to 26.2 |14,000 to 35,100
extended )
Fully Removed [1.3 to 1.6% 25.2 to 26.9 {10,800 to 33,000
extended
Half Removed 1.6% 28.5 to 28.6 (29,000 to 35,000
extended

*Exception noted below.

Except where otherwise noted (at M > 0.9), the turns were performed by
the use of elevator alone, the stabilizer remaining stationary during
the maneuvers. Additlonal detas were obtained during lg stalls with slats
fully extended, inboard fences on and removed, in the landing condition
(flaps and geer down) at an altitude of approximately 20,000 feet, for

a center-of-gravity location of about 0.25G, and at iy = 1.6°.

Date obtained in turns with the sirplane configurations incorporating
fully extended slats, with and without inboard wing fences, are plotted
in the form of time histories and as functions of angle of attack in fig-
ures 7 to 1l4. Comparative data obtasined during 1 g stalls in the landing
condition with slats fully extended and inboard wing fences on and removed
are presented in figures 15 and 16. For the condition with wing fences
removed and the slat helf extended, longltudinal-maneuvering dats are
presented in figures 17 and 18. For convenience in comparing the data,
the flight conditions and figure numbers of the dats presented sre tabu~
lsted in table II. Summary plots, showlng the Mach nmumber—normasl-force-
coefficient boundaries for the decay in stick-fixed and stick-free longi-
tudinal stability for each slat and wing-fence configuration investigated
are shown in figures 19 to 21. Because one of the msjor purposes of the
tests reported herein was to determine an airplane configuration with
improved longitudinal stability characteristics, data obtained with each

-
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configuration do not exhaustively cover a large Mach number range inas-
much as tests wlth a given configuration were terminested when that con-
figuration did not appear to provide the desired improvement.

It will be observed that two sets of elevator-deflection data are
presented in the figures where the data are plotted as functions of
angle of attack (figs. 8, 10, 12, 1k, and 18): +the measured values
of B shown in the time-history plots, and values of B corrected
to zero pitching acceleration to represent static trimmed-flight condi-
tions. This correction was applled to the measured values of &g

because the slope dBe/dm does not indicate the true airplane stability

when relatively high pitching accelerstions are obtained. The trimmed-
flight values of &g were computed by means of the following equation:

3 s] IY§
#(8=0) ~ " " ¢, qsT
e
where
Iy airplane moment of inertis in pitch; varied from about
33,400 to about 37,500 slug-feet2 (depending on airplane
weight and balances for the tests reported herein
Cm5 varigtion of eirplane pitching-moment coefficient with
e

elevator deflection, obtained from unpublished flight
data; varied from sbout -0.022 at M = 0.5 <o about
-0.012 at M = 0.95 _

Inasmuch as the values of Cmse employed for these caleculations

were measured at 1low values of o and are probebly invalid for high
values of a, the values of se(ﬁ—o) were computed only over a suffi-

ciently large range of o %o show the onset of adverse stick-fixed
stability effects.
Airplane Configuration Incorporating Fully Extended
Slats and Inboard Wing Fences
The time histories of figure T show that the airplane with slats

fully extended and fences on is generally stable, stick-fixed, up to
moderate values of normasl-force coefficient, with up movement of the
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elevator (or nose-down movement of the stabilizer, fig. T7(o)) producing

an almost proportionsl increase in the airplane angle of attack and normsl-
force coefficient. Throughout the Mach number range of these tests (except
at M= 0.98), the stick forces lightened at moderately large angles of
attack prior to reversal of the elevator control to effect recovery from
the maneuver. At Mach numbers below approximstely 0.65, the lightening of
the elevator stick forces produced an inadvertent increase in the rate of
change of elevgtor deflection; however, the incresse in o sappears only
slightly greater than the Increase in Jg, compared to these varlations

at smaller values of Cp,, indicating only a small reduction in stick-

fixed stebility. At Mach numbers between spproximstely 0.65 and 0.85
when the elevator was moved at an spproximately constant rate, there was
at moderate lifts a measurable increase in the rate of change of «,
after which the stick force lightened and the control was reversed to
effect recovery from the maneuver. An example of this may be seen in
figure T(m) where rapid increase of the angle of attack appears to start
slightly after 3.5 seconds, although the up-elevetor movement sppears to
be at a constant rate. Over most of the speed range covered, the time-
history data indicste that the airplane is generally controllasble, except
posslbly near the highest angles of attack attained, where there is g
small region of apparent instability which 1s probably & dynamic effect.

These aforementioned effects are also shown in figure 8, where the
date shown in figure T, as well as other measured guantities, are pre-
sented as functions of angle of attack. These data show that up to about
M = 0.74, the variation of 86(5—0) with a is linear up to about-

a ~ 8° at which point a decrease occurs, indicating s reduction in the
apparent stick-fixed statlic longitudinal stebility.” At o = 12° to 14°

a further decrease in apparent stick-fixed stability occurs which is
sometimes followed by a region of almost neutral stability. This latter
decrease in stability i1s accompanied by large pitching rates and is pre-
ceded by or occurs coincident with a decay in the stick-free stability
which would accentuste the decrease in stick-fixed stability to the pilot.
For convenlence, the angle of attack at which the first decrease in stick-
Tixed stabillity occurs and at which the stick-free stgbility decays is
indicated by a tick adjscent to the 83(5:0) and Fo curves, respectively.

At Mach nunmbers of about 0.8 and 0.85 (figs. 8(m) and 8(n)) the
apparent longitudinal stick-fixed static stabllity decreases sharply at
velues of a =~ 5° or 6°, and an instability (or pitch-up) follows, accom-
panied by a decay in the stick-free stability and large pitching sccel-
erations. At both Mach numbers, an almost uncontrollsble pitch-up is
epparent after the reduction in stick-fixed stability; end large values
of a and Cy, were obtained prior to recovery from the maneuver at

M = 0.85. No data were obtained with slats out between Mach numbers of

L
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about 0.85 and 0.95, so the stability characteristics of this configu-
ration in thils range are not known; however, in the maneuver performed
at M= 0.98, a value of CN = 0.85 was attained with no apparent decay

in stick-fixed stability. This latter effect has since been dupllcated
on the basic clean-wing configuration (no fences, slats retracted), for
which a value of CNA ~ 31,0 was attalned during a maneuver at M= 1.0

with no evidence of g pitch-up.

The effects of extending the wing slats may be observed by comparing
the data of figures T and 8 with the data of reference 2 for the original
alrplane configuration incorporating retracted wing slets and inboard wing
fences. Inasmuch as the elevator data of reference 2 were not corrected
to 8 = 0, comparison wilth the stick-fixed stebility data contalned hereln
should be limited to measured values of &g. (Comparison was also made

by correcting the 8e data of reference 2 for pitching-acceleration
effects and comparing with 53(5—0) data of the present psper.) In gen-

eral, after the initlal decay in stablility, slat extemsion caused the
reduction of stick-fixed stability to be milder, which for Mach nunbers
below approximately 0.8 alleviabted the uncontrollsble pitch-up cbtalned
with the slats retracted. Also, in general, the airplane appeared more
controllable at high values of o and CNA with the slaits extended.

Although the wing slats improved the stick-fixed stabllity, the stick-
free stability with slats fully extended was still reduced at moderately
high angles of attack end was similer to that with slats retracted.

(See ref. 2.) Study of reference 9 shows that elevator hinge moments
would tend to get more positive (pull force) as up-elevator deflection
increased, and would tend toward more negative values (push force) as «
increased. Consideration of these opposite effects of o« and B, on

the hinge moments, as well as the probability of a reduction in dynamic
pressure at the tail as o increased, indlcates that the elevator pull
forces could be expected to lighten and even decrease at moderste values
of a. '

In general, these results agree with the low-speed wind~tunnel date
of reference 6, which showed the alrplane model experienced a decay of
stabllity and & highly unstable region at moderate values of o with
slats retracted and either a neutrally stable or & slightly stable region
at comparable values of o with slats extended.

Ailrplane Configufation Incorporating Fully Extended Slats
With Inboard Wing Fences Removed

Data obtalned with the airplane over a Mach number range from aboubt
0.4 to about 1.0 after removal of the wing fences, with the slats fully
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extended, are shown in figures 9 to 14. These data were obtained with-
out a bungee attached to the control column (figs. 9 and 10), with a
soft bungee (figs. 11 and 12), and with a stiff bungee (figs. 13 and 14).

A comparison of the data of figures 7 and 8 with the data of fig~
ures 9 to 1k shows that removal of the inboard wing fences with slats
fully extended caused the reduction of stick-fixed static stability
occurring at moderate values of a (a = 8°) to be somewhat more pro-
nounced, for Mach numbers below about 0.7, but had a negligible effect
on the values of o« at which this decay in stebility occurred. Removsal
of the wing fences also tended to accentuate the almost neutral stability
region occurring at o = 1Q° to 17° and even produced regions of stick-
fixed static instability. At Mach numbers between about 0.80 and 0.95,
the decay in stebility was more pronounced, similar to the effect noted
for the airplane with fences, and stick-fixed static instability with
accompanying large pitching accelerations ~ indicating severe pitch-up -
were obtained. At a Mach number of about 1.0, a value of CNA = 0.56

was attained with no indication of an instability.. In both configurations,
however, the airplane appeared sbout equally controllable at high angles
of sttack and appeared to respond simlliarly to reversal of the controls.
The angles of attack for stick-fixed and stick-free stability reduction
are indicated by ticks on figures 10, 12, and 1k.

In general, removal of the wing fences had little or no effect on
the stick-free stabllity characteristics of the airpleane. Because of
the possible effect the decay in stick-force characteristics may have
had in causing the pilot to aggravate the decay in apparent stick-fixed
stability at Mach nmumbers below about 0.8 and thues influence the flight
behavior, a soft bungee and s stiff bungee were alternately attached to
the control columm to alleviate the stick-free instability. Although
the bungees were installed to increase the stick forces at M = 0,7 for
up-elevator deflections above sbout 8° (under no~load conditions),
stretch in the control system under flight conditlons caused the effects
of the bungee to be initiated at low values of up-elevator deflection.
The angle of gbtack at which the effects of the bungee were initiated
during each maneuver is indicated on figures 12 and 14 by the tick on
the Fo curve.

The effect of the soft bungee on the stick-free instability, which
occurred after the stick-fixed stebility had deceyed, was generally
negligible. The stick-free instability occurred at approximately the
seme values of o and B as with no bungee present. As a result, it

was concluded that the soft bungee did not increasse the stick forces
sufficiently in the range of &, desired and a heavier or stiffer bungee

should be utilized. The stiff bungee employed was selected. to provide
almost linesr increases in stick force with increase in elevator deflection
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for values of &g above gbout 8 at M = 0.7. In general, the stiff

bungee tended to improve the stick-free stability characteristics of
the airplane at the higher angles of attack. Although the stick forces
leveled off, and, in many cases, decreassed slightly at about the same
values of o &and B¢ as when no bungee was present, the forces did not

decrease rapldly with further increase in a and B, as they did without

a bungee. In most instances, as was intended, the forces increased with
increase in the stick-fixed stability at the high angles of attack.

Inasmuch as the data of reference 6 showed that removal of the
inboard wing fences with the slats extended would cause the alrplane
to be unstable for a small range of angles of attack at moderate wvalues
of a, additional flight data were obtained in order to determine the
characteristics of the airplane with Inboard fences on and removed in
the landing condition. Level flight stalls were performed at an alti-
tude of about 20,000 feet with the slat fully extended and flaps and
gear extended and the resulting dats are presented in figures 15 and 16.
The airplane exhibited greater stick-fixed stability with inboard fences
removed at speeds above 150 miles per hour; but, at lower speeds, the
airplane appeared unsteble with fences removed and exhibited a region
of slight instability or neutral stabllity with fences on. In additionm,
the pilot reported the airplane to have margingl dynamic lgteral sta-
b1llity at speeds below 150 miles per hour with the fences removed. With
either fence configuration and for the stabilizer position used (i = 1.6°),
the airplane exhilblted a neutral varistion of stick force with airspeed
over most of the speed range shown, and an unstable varlation at the lower
speeds. To avold the poor longitudinal and lateral characteristics
encountered at lower speeds when the fences were removed, the pilot landed
the airplane at approximstely 150 miles per hour; however, this landing
speed was well within the customsry range of landing speeds (V. = 110 to

170 mph) employed with this airplane.

Airplane Configuration Incorporating Half-Extended
Slats and No Wing Fences

An appreciable increase in airplane drag occurred at low and moderate
1ift coefficilents in going from the slets-retracted to the slats fully
extended condition (unpublished data). In order to determine if the
improved stability characteristics which resulted when going from the
slats-retracted to the slats fully extended condition might not be
obtained with a smaller drag increase, flight measurements were made with
the slats in the half-extended position. The data obtalned are presented
in figures 17 and 18. The limited data obtained with the fences removed
and slats half extended Indicate that large changes in stability are
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encountered at moderate values of o and CNA’ and that the airplane

experlences an uncontrollable pitch~up when performing longitudinal
maneuvers at Mach nunbers between approximately 0.85 and 0.96. A%

M = 0.85 the value of o for the decrease in stick-fixed stability

is quite apparent; however, this is not as obvious at M = 0.96 because
of the use of both stabilizer and elevator to perform the turn. At both
speeds tested, the value of o at which the decay in stability is felt
to occur is indicated by the tick. The subsequent uncontrollable pitch-up
is apparent from the fact that an almost constant elevator position or a
reduction in control position is accompanied by a rapid pitching to high
engles of attack and large normal accelerations. The large pltching
velocities noted for the higher Mach number maneuver are gpproximately
the largest obtained to date on this sairplsane.

Comparison of figures 17 and 18 with figures 9 and 14 indicates that
the decay in silrplane stgbility was more pronounced and a large degree
of stick-Tixed static instability existed at moderate values of o with
glats half extended. In addition, control reversal effected a more rapid
recovery of the airplane with slats fully extended than with slats half
extended. ’

Boundary for the Decay in Alrplane Stability

From the data shown in figures 7 to 14, 17, and 18, the normal- .
force coefficients corresponding to the value of « at which the stick-
free instability or decay of stick-fixed static stabllity occur have been
determined end are presented as functions of Mach number in figures 19
to 21. In figures 19 and 20, the boundary for decay of stick-fixed sta-
bility ie shown dashed at the highest Mach mmibers because no data were
obtained in this range and s stick-fixed instebility 1s not clearly
appsrent at the highest Mach number. (See figs. 8(o) amd 12(k).) For
comparative purposes, the boundary for the-decay 1n stick-fixed sta-
bility of the original airplane configuration of reference 2, corrected
to 8 = 0, has been incliuded on figure 19.

For each configuration investigated, the decey in stick-fixed static
stability is observed to occur at lower values of Cy, than the stick-

free instebility, the incremental difference in CHA being about 0.2
over most of the Mach number range. In general, the values of Cy, for

both the stick-fixed and stick-free stability boundaries showed little
change for Mach numbers below M = 0.7. Above M = 0.7 the values
of CNA defining the stabllity boundaries are seen to vary in an irregu-

lar manner. As may be noted, extending the wing slats hed 1ittle effect
on the boundsry. However, these boundaries do not reflect the genersally

L
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more favoreble behavior of the airplane with slate extended, as dis-~
cussed previously, particularly the fact that the uncontrollsble
pltch-up obtained with slats retracted was considersbly allevisted for
M < 0.8, and the airplane sppeared more controllsble in the pitch-up
region with slats extended. Removel of the wing fences with slats
extended hed a small unfavoreble effect on the stick-fixed stabllity
boundary. With slats half extended, the stick-fixed stability bound-
ary at M = 0.86 occurs at gbout the same Cya as for slabs retracted

or fully extended; however, at a Mach number of 0.95, the stability
boundary occurs at a higher value of CNA than for the airplene with

inboard wing fences and with slats retracted.

Pesk values of CNA obteined during the reported maneuvers are

also shown in figures 19 to 21. It is felt that in some instances these
peak values of CNA nmay correspord to maximm values attainsble at the
given Mach number. A%t higher Mach numbers, the difference between

peak CNA and the value of CNA for decsy in stgbllity is appreclably

larger than at low values of M; consequently, the magnitude and the
potential danger of the stability decay is greater in this speed range.

In the speed range in which pitch-up was encountered and the air-
plane appeared uncontrollsble, the stabllity problem would be aggravated
for airplenes having high wing loadings and for flight at high altitude.
For such eirplanes, level flight would necessarily be performed et
higher angles of attack and normal-force coefficlents. This would allow
for little or no maneuvering 1lift mergin prior to experiencing the pltch-
up, in some cases pitch-up being encountered in level flight which would
be both intolerable and dangerous. Because the reported flights were
generally performed at reasonsbly high altltudes, no excessive girframe
loads were encountered; however, at lower altitudes, the possibility and
denger of such excessive loads are apparent (ref. 10).

Pilots' Impressions

In genersl, the pllots' reports corroborated the data and conclu-
sions reached for the maneuvers performed. With slats fully extended
at 21l Mach numbers below M =~ 0.8, it is the pilot's opinion that the
airplsne stability dld not deteriorate gppreciably after the initisl
decay, and as a consequence control was regained more rapidly than in
the original slats-retracted configuration (ref. 2). At M=~ 0.98
(wing fences on) and M = 1.0 (wing fences removed), the alrplane
appeared controllable up to the maximm value of « attained. In both
fence configurations with slats fully extended the steblillity change most
apparent to the pilot was the lightening of stick forces at modersate
angles of atteck. The pllots reported a stick~fixed stability change
at moderate values of angle of attack which became somewhat more sppar-
ent when the lnboard wing fences were removed from the slats fully
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extended configuration. The pilots thought that the airplane configu-
rations with slats fully extended were a definite Improvement over the
airplane configurations flown with slats retracted (ref. 2), for the
reasons discussed.

Because the soft bungee had little or no effect on the stick forces,
the character of the stick-free and stick-fixed instabllity of the air-
plane appeared to the pililot to be sbout the same ag yhen no bungee was
used. In both instances, the lightening of-the stick forces at moder-
ate angles of attack tended to increase the control rate, which in turn
would aggravate any pitching. With the stiff bungee, however, the char-
acter of the decay in stebility appeared much improved, for now the
stick-free stability was improved and the airplane appeared to have a
lower pitch divergence rate than previously; thus, the change in stick-~
fixed stebility was somewhat less apparent and less objectionable.

In the configuration with slats half extended, the pilot thought
the airplane behavior was similar to that encountered with slsats
retracted, and the pitch-up encountered was equally uncontrollable.
Although data obtained in this configuration were limited to two high-
speed maneuvers, the pilot reported that pitch-up was also encountered
in other maneuvers performed at lower speeds (down to M < 0.7), at
lower values of normal acceleration as the Mach number wes decreased.

As was reported in reference 2, when the pitch-up occurred at high
speeds, it was rather abrupt and more severe than at low sbeeds. If
the pilot does not check the pitch-up by use of-the elevator as soon
as it is noticed, the angle of -attack increases rapldly and violent
rolling end yawing motions are experienced at large values of «. In
addition, the occurrence of a reduction in stick-free stabllity almost
simultaneously wilth the reduction in stick-fixed stability tended to
accentuate the pitch-up to the pllot. In any case, when a reduction in
stick-fixed stebility was followed by a pitch-up, the airplane behavior
was considered undesirsble and objectionable. TIf the stick-fixed sta-
bility is made acceptable, the provision of a bob weight, bungee, or ]
artificisl feel system to supply more satisfactory stick-force character-
istics would be desirable. :

CONCLUSIONS

Results of a longitudinsl stebllity investigation of several wing-
slat and inboard wing-fence configurations of the swept-wing D-558-II
airplane at subsonic end transonic Mach numbers gave the following
conclusions: :

w———
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1. Fully extended wing slats improved the stablllity characteristics
of the airplsne by alleviating pitch-up at Mach numbers below approxi-
mately 0.8; however, at Mach numbers between 0.80 and 0.85 the severity
of the pitch-up remained unaltered. At Mach numbers of about 0.98
and 1.00, meneuvers performed up to relatively high values of normal-
force coefficient with slats fully extended exhibited no evidence of
pltch-up; however, this effect has since been duplicated with the clean-
wing configurstion (no fences, slats retracted).

. 2. Removing the wing fences from the alrplesne configurstion with
slats fully extended caused the reduction in stick-fixed stability to
become slightly more pronounced. .

3. With wing slats half extended and no wing fences, the alrplane
exhibited instablility characteristics and pitch-up similar to that
exhibited by the airplane with slats retracted and with wing fences.

k. In general, the pilots' opinlons corroborated the aforementioned
statements in that the alrplane was generally controllsble with fully
extended slats and was uncontrollable with half-extended slats. In
any confliguretion, when pitch-up was experienced, the behavior was
extremely undeslrable and would prevent precision flight in this regionm.

5. With slats fully extended and wing fences removed, use of a
bungee in the control system to alleviabte or eliminaste the stick-free
instability caused the airplane to gppear more conbtrollsble to the
pilot and cgused the decrease in stick-fixed stabllity to become less
apparent and less objectionable,

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronsutics,
Lengley Field, Va., December 1, 1953.
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TABLE I.- PHYSICATL CHARACTERISTICS COF THE

DOUGLAS D-558-IT ATRPLANE

Wing:
Root airfoil section (normal to 0.30 chord of unswept
panel) . . . . . . e e e e e e e . . . NACA 63-010

Tip airfoil section (normal to 0.30 chord of"unswept

Panel) . . « « ¢« s+ 4 s s s e s s s e s o s s« .« + NACA 63;-012
Total area, 8@ ££ < ¢ v ¢ ¢ ¢ o 4 ¢ o ¢ ¢ e ¢ o s o s ¢« L175.0
Span, £t . . . . s & . . c e e e o e 4 s s s s s s e o s s 25,0
Mean aserodynamic chord, in, . . e e e s o s s « « o o 87300
Root chord (pesrsllel to plane of symmet ), in. ... ... .108.51
Tip chord (parsllel to plane of symnetrg in. <« ... .. 61.18
Taper Tatio o « ¢« « o o ¢ o o« o o &« & Gt e et e e e e . . 0.565
Aspect ra&Elo & ¢« v ¢ 4t ¢ 4 e e c o s 8 s e e s s e s s s e« 3570
Sweep at 0.30 chord of unswept panel, deg . . . . « « » « « « . 35.0
Incidence at fuselgge center line, GEE « ¢« = ¢ +« s s s s e s e « 3.0
Dihedral, AEE « & « + o o o s 3 ¢ 6 o o o o o s o« s s s o o o o =3,
Geometric twist, deg . . . . . . . e & e o 8 & & s e a o
Total aileron areas (rearward of hinge line), 8g f6 . o« ¢ . . . G.
Alleron travel (each), deg . « = ¢« ¢« « = ¢« « « o « s o o » o « - *15
Total flap area, 8@ £ - « « « ¢« « « o ¢ « o ¢« + « ¢« =+ » « « « 12,58
Flap travel, @82 « « « o ¢ ¢ s ¢ o s 2 o s o » o o« ¢« ¢« s s s =« o« = 50

Horizontal tail:
Root airfoil section (normal to 0.30 chord of umswept

panel} . . .+ « » . Gt + s e s e s s s e s s s« NACA 63-010
Tip airfoil section (normal to 0.30 chord of unswept

Panel) . . ¢ ¢ v e o . . . e + o + s s s s e s + o NACA 63-010
Area.(includ.ingfuaelage),sqft................39.9
SPAN, 1M & & ¢ + o o o o o o o s o e e e s e s e e e ... 1436
Mesn serodynamic chord, in. . . « « « « . & e e e s e« a . HL.TS
Root chord (parallel to plane of symmetry), IRe e . 5%.6
Tip chord (parallel to plane of symmetry), ine . ..¢.....2.8
Taper ratio . . . & « & « . e P o 18
Aspect ratio . . « . . . . e o e s e s e s . « 3.59
Sweep at 0.30 chord line of unswept panel, deg . . . . « . .« o k0.0
Dibedral, deg .+ ¢ o « ¢ ¢ o « o s o « o o « o o o s . e« + .+« 0O
Elevator area, 89 £5 + « ¢ ¢ « =« o o o o s « s s « « s s + o« o« 9.4

Elevator travel, deg
UD & ¢« & ¢« o « o s a i o o o s 8 s s s s s s a « o o o + s o o » 25
Down . . .« . e e s+ 8 s s e s e e s e = s s e a e e o . s 15
Stabillzer travel deg ’
Leading €dZe WD « o o « o« « o = o o o o « o o o « o o « o o o« b
Leading edge down . !

.
*»
.
.
.
L]
.
.
L]
.
L]
.
.
L]
.
.
.
\n
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TABLE T.- PHYSICAL CHARACTERISTICS (OF THE
DOUGLAS D-558-I1 AIRPLANE - Concluded
Vertical tail:

Airfoil section (mormal to 0.30 chord of unswept
PENCL) &+ 4 4 e 4t e s e s e e e s s e e e s e s e . . NACA 63-010

Area, 8¢ f5 . . . ¢ o ¢ o . e e e et s e e e e e e 366
Height from fuselage center line in. .« o o. « o o . . « « o 98.0
Root chord (parallel to fuselage center line), in. . .. .. 146.0
Tip chord (parallel to fuselage cenber line), in. . . . . . . . 4h.0
Sweep angle st 0.30 chord of unswept penel, deg . . . . . . . « 49.0
Rudder ares (aft of hinge 1ine), sd £t ¢ v ¢ « « ¢ = 2« « « « « . 6.15
Budder travel, deg « « « ¢ ¢ o ¢ o« v o« ¢ o 2 ¢« e s s o = s« & « « 25
Fuselage:
Length, FH v v o o o ¢ o o o o « o « o = s ¢ o o s « « o = o . « 420
Meximum diemeter, Ine « « o« « o o « o o« « = « « = « « = « o o » 60,0
Fineness ratio . . . . . T - 3 1)
Speed-retarder area, sq ft P 4 s s = e s s s e s e s e = = e o «H25

Engines:
T‘uI‘bOJEt e & o e 8 e ® @ 8 & @ & e ® ® e e ® o a e e & 8 = J—5)+-T'IE—)+O
Rocke-t - . . - . - - . - ] - L - - - - - - L . e e - - . - IIR.B-RM.6

Airplane weight, 1b:
Full Jet and rocket fuel . & o ¢ ¢ ¢ o o o o « = o ¢ « o o « « 15,131
Full Jeb FUEL ¢ ¢ v ¢ o « ¢ o o « = s o « s o s « « « & « o « 11,942
NO FUECL 4 v 4 v o o o o o « o « o« = a s o« s s s o s o« « « = « 10,382

Center-of-gravity locations, percent M.A.C.:
Full jet and rocket fuel (geaTr UP) « « + « « « « « o = = s =« o « 23.5
Full jeb fuel (BT UD) . v « v ¢ « « = « & o « o« 2 + s ¢ o o« « 25.2
No fuel (€8T UD) .« ¢ « o« = « « ¢ s o + o« o a s« s « o« s = o o « 27.0
No fuel (28T AOWR) « « v o o o « o o o o o o « o a « o+ « « « 26,14
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TABLE II.~ INDEX TO DATA FIGURES

Alti
Mirpione contiguattan | MEes | Voo mibnr [ ey [ Tigws
Slats fully extended, 18,300 0.45 ¥ind-up turn T(a), 8&(a)
inboard wing fences om, 19,200 IV T(b), 8(b})
fleps and gesr retracted 17,000 .48 T(c), 8(c)
19,700 49 7(a), 8(a)
15,700 .50 T eg, e)
20,000 55 7(£), 8(f)
14,000 .56 T 8;; 8(g)
21,000 .59 T(k), 8(h)
23,000 .66 T(1), 8(1)
21,500 -TL 7(3), 8(5)
19,600 T3 70k}, kg
23,800 ST (), 6(1
28,500 .80 T{m), 8(m).
33,000 .85 T n): 8(n)
35,100 .98 T(o}, 8(0)
Slsts fully extended, 19,700 .50 Wind-up turn %(a), 10 a.}
inboard wing fences removed, 20,700 .50 9(b), 10(b
flaps and gear retracted 20,700 .55 9(c), 10(c)
21,800 .55 9(a), 10(a)
22,100 .61 9(e), L0(e
23,400 .61 g(f), 10(r
24,000 .70 9Hg), 10(g
26,500 -T2 9(h}, 10(h
Slats fully extended, 14,900 b1 Wind-up turn | 1i(a}, 12(a)}
inboerd wing fences removed, 15,900 43 1 'bg, 12 h;
flaps end gear retracted, 16,500 .50 11(c), 12(c
soft bungee attached to 17,200 54 11 d; s 12 d.g
control column =~ - » .56 1ll(e), 12(e
18,000 61 (e}, 12(r)
19,000 g;( 11 g;, 12 g;
23,000 . 11(h), 12(h
27,300 .85 11(1), 12(1)
27,000 .50 11(J), 12 Jg
33,000 1.0 11(x), 12(k
Slats fully extended, 12,700 4o Wind-up turn | 13(a), 1l4{a)
inboard wing fences removed, 13,600 40 13 bg, 14(b)
flaps and gear retracted, 14,200 15 13(c), 1b(e)
stiff bungee attached to 15,500 45 132:1), ih(a)
control columm 16,500 52 13(e), (e}
18,000 - .52 13(£), 1k(r)
10,800 54 13(g), 14(g)
16,100 Sl 13 h;, 1} h;
18,300 57 13(4), (1
22,000 -T2 13(3), W(3)
26,500 STT 15(k), (k)
Slats fully extended, 20,000 —— 1 g etall 15
inboard wing fences oa,
filsps and gear extended
Slats fully extended, 19,250 ———— 1 g stall 16
inboard wing fences removed,
flaps and geer extended
Slats half extended, 29,000 .85 Wind-up turn 17?;), 18(a)
irboard wing fences removed, 35,000 .96 17(b), 18(v)

flaps and gear retracted
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Figure 1.- Three-qusrter front view of Douglas
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D-558-1IT airplane.
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Figure 2.- Three-view drawing of Douglas D-558-II (NACA 145) research
airplane.
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Section A-A (enlarged)

25

Figure 3.~ Plan form and section of the wing of the Douglas D-558-IT

airplane showing the location of the slat in the fully extended
position. All dimensions in inches except as noted.
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Figure L4,- Photograph of right wing of D~-558-II airplane,
in fully extended position and inboard fence on wing.
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Section A-A (enlarged)

Figure 5.~ Plan form and section of the wing of the Douglas D-558-I1
airplane showing the location of the slat in the half-extended
position., All dimensions in inches except as noted.
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Figure 6.~ Photograph of right wing of D-558-II airplane, showing slat
in half-extended positlon with inboard wing fences removed.
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Figure 17.- Time histories of wind-up turns with the Douglas D-558-II
research airplane with slats half extended and inboard wlng fences
removed.
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(b) Bp = 35,000 feet; center of gravity at 28.5 percent mean
aerodynamic chord.

Figure 17.- Concluded.
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(a) by = 29,000 feet; iy = 1.6%; center of gravity at 28.6 percent
mean serodynamic chord.
Figure 18.- Static longitudinal stebility characteristics of the

Douglas D-558-II research airplane, with slats half extended
and inboard wing fences removed, in turning flight.
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(v) hp =~ 35,000 feet; center of gravity at 28.5 percent mean
aerodynamic chord.

Figure 18.- Concluded.
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Figure 19.- Normal-force coefficient for decay in longitudinal stability
as a function of Mach number for the airplane with inboard fences on

the wing.
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Figure 20.- Normal-force coefficient for decay in longitudinal stability L--

as a function of Mach number for the airplasne. with fully extended
slats and inboard wing fences removed. :
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Figure 21.- Normal-force coefficient for decay in longitudinal stebility
. as g function of Mach number for the airplane with half-extended
slats and inboard wing fences removed.
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